Based on monitoring and tracking the maritime maneuvering target, the passive tracking system of space-based bearing-only measurement is constructed. Due to the strong maneuverability of target and strong nonlinearity of tracking system, an algorithm based on Bayes estimation is introduced in the interacting multiple model (IMM). By deriving the equivalent description of IMM's covariance matrix in SCKF (Square-root Cubature Kalman Filter), this paper solves the problem of mismatch between the input and output of the two algorithms, and a new algorithm flowchart is proposed. The simulation results show that the proposed algorithm can adapt to the maneuverability quickly and estimate the probability of target motion model accurately. To be more accurately, the average position and speed tracking accuracy can reach 53.79m and 1.54 / ms respectively, which verifies the effectiveness of the proposed algorithm.
INTRODUCTION
The maritime platform allows for global deployment and rapid transfer with its mobility. It has become the core force in modern warfare, So it's very important for real-time monitoring and tracking [1] [2] . Space-based platform has become the main means of maritime target detection and tracking, because it has a good concealment, wide coverage, low power attenuation, the role of distance and other advantages [3] [4] . In this paper, a sea maneuvering target tracking system based on space-based platform bearing-only measurement information is established.
The moving target of the sea has the characteristics of slow moving speed and strong maneuverability. In order to realize the accurate tracking of maritime maneuvering targets, the paper [5] integrates the idea of detecting adaptive filtering and real-time identification of adaptive filtering, and proposes an interactive multiple model algorithm. It achieves the goal of estimating the target State and avoiding detecting target maneuver by parallel processing the synchronization results of multiple models [6] . By introducing the EKF (Extended Kalman filter) and UKF (Unscented Kalman filter ) into the IMM, the literature [7] [8] applies IMM to the nonlinear system. However, the limitations of EKF and UKF itself can not be avoided, for example, the EKF algorithm needs to solve the complex Jacobian matrix while there is a large rounding error, UKF algorithm is difficult to adapt to the high-dimensional system [9] [10] .
CKF (Cubature Kalman Filter) is a Gaussian integral nonlinear filter under Bayes frame, which avoids the calculation of Jacobian matrix cleverly [11] . The paper [12] compares the CKF with the traditional EKF and UKF, and proves that the performance 226 of the CKF is better in the high dimensional and nonlinear system by comparing its stability and accuracy. The paper [13] introduces CKF into IMM framework for the first time to solve the problem of target maneuvering in nonlinear systems. Both the motion model and the measurement model of the missile have very strong nonlinearity, which leads to the problem that the covariance matrix in the filtering algorithm appears to be non-normal and asymmetric. To solve this problem, the paper [14] proposes a Square-root Cubature Kalman Filter based on QR matrix decomposition. Therefore, this paper introduces the SCKF into the IMM frame and then tracks the maneuvering target by the angle measurement information of the space-based platform.
In view of this, this paper establishes maritime target tracking system based on the missile-borne bearing-only measurement platform. Based on the IMM filter frame, the SCKF filtering algorithm is introduced. The equivalent description of the covariance matrix in IMM SCKF is deduced and the problem of mismatch between IMM and SCKF input and output is solved. The simulation results show that the IMM-SCKF algorithm can quickly adapt to the maneuvering behavior of the target and the strong nonlinearity of the system, and it can accurately estimate the probability of the target motion model and realize the high precision tracking of maneuvering target.
TRACKING SYSTEM ESTABLISHMENT The Establishment of Maritime Target Motion Model
Suppose that the set of moving models of the maritime target contains the following three models: Constant velocity ( CV ), Constant acceleration ( CA ), Coordinated turn ( CT ) [15] [16] . Then the target's motion model can be expressed as:
(1) Because of the slow motion of the maritime target, it can be assumed that the target is moving in two-dimensional plane in a short time. So set w indicates the movement noise of the target. When the target is in different motion states, the corresponding transfer matrix can be selected according to the literature [6] .
Establishment of Satellite Motion Model
Assuming that the satellites do the underexposed two-body motion around the earth, the motion model of the satellite in the J2000 coordinate system can be expressed as follows [17] 
In the formula,  as the Earth gravitational constant, assuming r the position vector of the satellite in the J2000 coordinate system. 
In the formula
, the relative position vector of the maritime target in the centroid orbit system of the space-based platform [18] .
Maritime Target Tracking System Based on Bearing-only Measurement Information
According to the above-mentioned target equation of motion (1) and observation equation (3), the following tracking system is established:
Where, 
IMM-SCKF ALGORITHM DESIGN
IMM uses multiple models to synchronize the parallel filtering, which achieves the goal of estimating the target State by sequential interaction of multiple processing results. In addition, SCKF is an analytic Gaussian approximate filter based on QR matrix decomposition, which is outstanding in nonlinear tracking problem. The detailed derivation of the two algorithms can be referenced literature [5] and [14] .
Equivalent Description of Covariance Matrix
Model matching is the core step of the IMM, the input of However, it can be seen from the algorithm flow diagram that the iterative updating of each computational loop is the square root of the state covariance matrix, not the covariance matrix itself. Therefore, in order to achieve the integration of SCKF algorithm and IMM algorithm, we need to solve the following problems: 
Which 1 1
, we draw the idea of solving the problem in SCKF algorithm. Firstly, we need to construct the matrix so that we obtain the square root matrix by trigonometric operation. 
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in IMM is deformed as follows:
Assuming that the column m of the matrix According to Lemma 1 and conclusion 1, the following matrices are constructed, 
In the formula, 1, 2, , ir   , the coefficient matrix W can be expressed as: 
In the formula, On the other hand, according to the definition of i kk S , get the error covariance
.
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IMM-SCKF Algorithm Flow
According to the solution of problem 1, the IMM -SCKF is illustrated as follows (see Figures 2) :
. Structure of IMM-SCKF (TDA means Triangular decomposition algorithm).
IMM -SCKF just make the following changes to the process of model matching in the IMM algorithm:
(1) Input interaction S , and the probability of the model is obtained according to equation (13) .
(4) Model probability update
In the formula,
The probability of the model is updated according to equation (14) . (5) Interactive output By combining the output results ˆj kk x and j kk P of each filter, the input of the rth filter and the corresponding covariance can be obtained according to equations (15) and (16) .
SIMULATION VERIFICATION
Assuming that the space-based observing platform runs on a large elliptical orbit, the number of tracks in the beginning of the simulation is: 26553.375km, 0.740959, 63.4degree, 300.029 degree, 90 degree, 0 degree.
Setting the initial position of the target(14.163N,112.572E,0km). and doing two-dimensional planar motion in the East North Up Coordinate System, the motion mode can be freely switched between the CV, CA and CT, and the movement mode of each period of the target is set as follows (see TABLE I Through the comparison between the estimated trajectory and the real trajectory, it can be seen that when the initial state error is large, the IMM-SCKF can locate the target quickly and precisely when the moving mode of the target is unchanged.
In order to further analyze the performance of the IMM-SCKF algorithm, the position and velocity positioning accuracy of all directions are analyzed in detail in the whole positioning process, and Figure 4 and Figure 5 respectively give the tracking error of the IMM-SCKF algorithm to the position and velocity. The analysis Figure 4 and Figure 5 can be seen that when the moving state of the target is transformed, the positioning error will suddenly increase greatly due to the mismatch of the model in the filter, but it can return to the precise position in 10s. The results show that the IMM -SCKF algorithm can achieve a higher coincidence between the positioning system and the real motion model of the maritime target by adjusting the mixed probability of the model.
The tracking accuracy in different motion states was shown in TABLE II. TABLE II shows that when the target is in the CV state, the filtering accuracy is the highest, the CT is the second and the target is the lowest in the CA state. It is shown that the filter is sensitive to the motion model of the target, and the IMM-SCKF algorithm is used to estimate the probability of the moving model at different time.
CONCLUSIONS
The main work of this paper is as follows: 1) A missile-borne bearing-only measurement platform tracking system is established to realize the long -term accurate tracking of maneuvering maritime target.
2) The structure and flow of IMM frame and SCKF algorithm are analyzed, and the IMM-SCKF algorithm flow is designed.
3) By deriving the equivalent description of IMM's covariance matrix in SCKF, this paper solves the problem of mismatch between the input and output in the combination of IMM and SCKF algorithm.
4) The tracking performance of IMM -SCKF algorithm is verified by simulation analysis method. The average position and speed tracking accuracy can reach 53.79m and 1.54 / ms respectively, 5) In the simulation analysis, the model probability estimation of IMM -SCKF algorithm is analyzed emphatically, and the result shows that the algorithm can accurately identify the changing time of the target motion mode, and the algorithm can accurately determine the moving mode of the target.
6) Aiming at the maneuvering characteristics of the target, it is very useful to study the more universal tracking algorithm for the more comprehensive motion model set and the more changeable motion parameters.
7) The actual space environment and the sea environment are more complex, so the future can break through the constraints of Gaussian noise, with great research value.
